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1. Introduction
After a natural disaster strikes, roading organisations need to efficiently respond in order minimize the damage to society (Gordan et al, 1998). Roading authorities (Department of Transport, Consultants, Contractors, etc) involved in the maintenance and operation of roading assets have to respond in a coordinated fashion both within themselves and with other lifeline organizations. 

Data and information sharing within roading organizations is crucial for a coordinated response to a natural disaster to make an accurate decision on the action to be taken. At all response stages, data and information will affect the quality and reliability of the decisions taken, because the more the involved parties know about the damage situation and resources the more they will be able to accurately and efficiently respond (Briton, 2004). Also, the sharing of the data and information will play a considerable role in order to keep all informed about the latest development at each response stages. 

Although the importance of data and information sharing during disaster is widely acknowledged, current practices and techniques presents considerable limitations in providing tools that fulfil emergency management practitioners. On one hand, many scholars have demonstrated that information gathering and processing during disaster may affect the efficiency of response and recovery activities, but very limited efforts have been observed in order to face this problem. On the other hand, technological advances in information management of spatial-temporal data such as Geographical Information Systems (GIS) have been made in recent years, but they cannot be applied as conceived. This is mainly because of the special and dynamic requirements during response activities to natural disasters. 

This paper presents the development and application of a data-information sharing framework for roading organizations’ response to a natural disaster. Using a Geographical Information System (GIS), a standardized neutral structure for data and information sharing is conceived to provide assessment of damages, resource availability, treatment options, cost and time spent to resume normal activities. Authorities will use this framework in a coordinated fashion to efficiently respond to damages caused by natural disasters. 

This paper is divided into five sections. After this introduction, the roading organisations emergency management context in New Zealand is presented. Third section describes the conceptual data/information sharing framework. A case study in which the framework is applied in New Zealand is presented in the fourth section. Finally, the fifth section presents the conclusions. 

2. Roading organisations emergency management context in New Zealand
This section aims to describe the context in which roading organisations operate during emergency events. Next two sub-sections describe the major role of the Ministry of Civil Defence and Emergency Management (MCDEM) in New Zealand and how roading organisations interact in this context. 

2.1. Ministry of Civil Defence and Emergency Management (MCDEM)
MCDEM is the leader for making New Zealand and its communities resilient to disasters. It employs a risk management strategy approach to reduction, readiness, response and recovery to disasters. This approach starts with understanding and studying the disasters likely to be faced in New Zealand and the vulnerability of the communities and infrastructure to those disasters. It also educates the community on what these disasters could do to the community. MCDEM also focuses on the measures for reducing the risks and for managing the impacts when they occur (MCDEM, 2005). 

The MCDEM is a semi-autonomous body within the Department of Internal Affairs. MCDEM is responsible to ensure the preparedness of the New Zealand community for any natural and technological hazards or disasters. This is done by recognizing the potential hazards and what these could do to the New Zealand residents, developing measures for reducing the risks as well as managing the impacts when they occur. The MCDEM works in coordination with local government, utilities and the emergency services involved in civil defense management.

Events of large proportions affecting vast areas and creating massive damages that treat human beings are mainly controlled by the MCDEM. Under the supervision of a Civil Defence Controller, lifelines organisations (telecommunication, energy, water, roading and waste treatment providers) interact with local and regional authorities. The complexity of the interactions among involved organisations is considerable. In addition, CD controller is directly responsible for taking actions in loc.

2.2. Transit New Zealand 
New Zealand has about 10,837 kilometers of state highway network. Transit NZ achieves its objectives by maintaining the existing roads and developing new construction programmes. Transit NZ appoints Consultants for the technical services and Contractors for carrying out the physical works.

During an emergency situation, it is the responsibility of the Contractor to carry out the physical repairs and reopen the road to the traffic as soon as possible. The Consultants are mainly involved in providing the technical details and strategic advice to the Contractors. The Consultants also interact with Civil Defence and Emergency Services and Transit. The Contractors are mostly involved in supplying information about the road condition. 
























Figure 1: Levels of Emergency and roading organizations involved

3. Conceptual data/information sharing framework for natural disaster response within New Zealand roading organizations 
Based upon the understanding of the context in which Transit NZ, its consultants and contractors operate during emergency events, this section presents a conceptual framework that integrates information management techniques and GIS to improve the efficiency of response actions and resources during natural disasters. 

The general conception of the data/information sharing framework is based in utilizing Transit NZ’s current asset management information system (Road Asset Maintenance Management - RAMM) to create a georeferenced database according to disaster response needs. The information framework for the roading organization uses information from RAMM initially to identify the location according to the unique road ID given to each road. This information is exported to a GIS database linking each ID to the map. The information is filled in the emergency tables prepared at each of the phases discussed in section 2. This information is then shared between the contractors, consultants and Transit New Zealand in a Small and Medium Event. In case of a large event, the information is shared between the contractors, consultants, Transit New Zealand as well as Civil Defense. Figure 2 shows the information framework for roading organizations. 


Figure 2: Information framework for roading organizations

4. Case study
A case study was conducted using road closures in the South Island of New Zealand Using a GIS software, road closure records (from April 2004 to March 2005) were georeferenced according to the conceptual information framework.

In order to assess the efficiency of the data/information sharing framework, we conducted a comparative analysis between response phase durations before and after the potential implementation of the framework. Based upon the estimation of response duration, cost reduction scenarios were analyzed. Considering current Transit NZ practices, Table 1 shows the results for small, medium and large emergencies for different types for road closures. 

The information framework may reduce the time for response in some of the phases. There may not be any change in time for some phases; however the overall time will be reduced. They comprise:
	Phase 3 (time taken for contractor to reach the site): This time can be reduced if the contractor has a GIS map showing the exact location. The amount by which this time is reduced may be assumed to be between 1 to 5 % of the original time;
	Phase 4 (contractor informs the consultant the actual site condition): This time can also be reduced using the information framework by 1 to 5%;
	Phase 5 (decision making stage on the treatment to be given): time can be reduced by 10 to 15% since there will be all the data available for the decision to be made quickly;
	Phase 6 (waiting time for the orders from Civil Defense in case of large events): time for this phase can be assumed to be reduced by 10 to 15% since the Civil Defense will have the GIS map and the required information based on which the decision may be made faster;
	Phase 7 (the time taken to do the repair work): time may be reduced by 1 to 5% if the contractor has the map of the existing road features, etc before the road closures; and
	Phase 8 (consultants can report back to the Civil Defense and the contractors of the condition of the after repair): it can be reduced by 1 to 5% with the use of the framework 

The combination of these levels of reduction of each response phase as presented in Table 2, the costs after the implementation of the framework are shown in Table 3. 

The comparative analysis of Tables 1 and 3 shows that considerable reduction costs associated with road closures could be reached. In the best case (scenario 2), a total reduction of $16,733 in cost would be achieved. On the other hand, the worst case (scenario 3) could generate a total reduction of $5,772.

Table 1: Average time and cost for all emergency level and type without the data/information sharing framework












This paper presented the conception and application of a data/information sharing framework that is likely to contribute to the improvement of response activities during natural disasters. Results of the case study demonstrate the potential for implementing the framework in the operations of NZ roading organisations (Transit NZ, its consultants and contractors) in conjunction with other lifeline organisations and the MCDEM.

This is the first step in a long-term research project that intends to create a planning instrument that evaluates how efficiently infrastructure organisations will make use of physical and human resources during and after hazard events and assists asset managers to optimise the deployment of resources in an actual event. The data/information sharing framework plays a fundamental role in this project, because it allows the efficient processing and analysis of data according to emergency management needs. 
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